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Abstract. The growing availability of software tools has in¬ 
creased the speed of generating LCA studies. Databases and vi¬ 
sual tools for constructing material balance modules greatly fa¬ 
cilitate the process of analyzing the environmental aspects of 
product systems over their life cycle. A robust software tool, 
containing a large LCI dataset and functions for performing LCL\ 
and sensitivity analysis will allow companies and LCA practi¬ 
tioners to conduct systems analyses efficiently and reliably. This 
paper discusses how T the GaBi 3 software tool can be used to 
perform LCA and Life Cycle Engineering (LCE), a methodol¬ 
ogy that combines life cycle economic, environmental, and tech¬ 
nology assessment. The paper highlights important attributes 
of LCA software tools, including high quality, well-documented 
data, transparency in modeling, and data analysis functionality. 
An example of a regional power grid mix model is used to illus¬ 
trate the versatility of GaBi 3. 
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1 Introduction 

LCA has had a controversial history with some criticism for 
being costly, time and data intensive, and producing unreli¬ 
able results. Streamlining techniques in LCA have been dis¬ 
cussed in an effort to expedite the process of assessing envi¬ 
ronmental impacts from product systems [1,2]. Within the 
last decade however, LCA practitioners have introduced 
databases contained w'ithin software systems, which have 
greatly assisted the construction of life cycle models, in or¬ 
der to overcome the major criticism of LCA as mentioned 
above. As the ISO 14040-14043 documents on LCA have 
been finalized, there is now a clear methodology to be fol¬ 
lowed for performing LCA [3,4]. With the guidance of the 
ISO standards, and the more common use of databases and 
software tools, LCA is receiving wider attention as an ap¬ 
plied systems analysis technique [5], It can be used to high¬ 
light the environmental tradeoffs in product design by guid¬ 
ing material selection, identifying the significant stages in 


the product's life cycle, and guiding product improvement. 
Also the results of these studies can be used to increase prod¬ 
uct marketing and sales efforts and to communicate infor¬ 
mation to customers and clients. 

2 Life Cycle Engineering 

The Life Cycle Engineering (LCE) approach is an effective frame¬ 
work and methodology for decision support. Like LCA, LCE 
applies a life cycle framework for the purpose of performing 
product systems analysis. The LCE approach uses the guide¬ 
lines defined for LCA in the ISO standards and combines the 
environmental aspects with technical and economical aspects 
of products and technologies. It is an effective simulation tool 
for analyzing weak points and optimization potentials and for 
supporting product and technology development. 

In LCE, the costs associated with materials, energy, and 
operations are tracked along with the material and energy 
flows within the system boundary. Fig. 1 show's the LCE 
framework in which the technical, economic and ecological 
components within a system boundary are fed back into the 
decision-making process. 


Life cycle Engineering 
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Fig. 1: Life Cycle Engineering (LCE) approach including the Life Cycle 
Assessment (LCA) [6] 
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3 Software to support LCA and LCE 

Today, there are many software tools available to perform LCA. 
Altogether, there are about 40 commercial LCA software sys¬ 
tems on the market. Software systems that support LCA must 
ensure transparency in the documentation and analysis of sys¬ 
tem parameters. Fully ISO compatible tools also enhance the 
quality of study results. In addition, an ideal software tool 
should contain an extensive database with indicators of data 
quality and well-documented data sources. GaBi 3 is among 
the ten fully integrated and comprehensive software tools 
around. The authors have performed LCE/LCA studies using 
GaBi 3 for many product systems. GaBi 3 is the software tool 
that came as a result of more than 10 years of intensive activi¬ 
ties in LCA/LCE research and collaborative industrial projects 
at IKP and PE. The availability of reliable data (at the mo¬ 
ment more than two thousand data sets are available with the 
software) and functionality for performing transparent case 
studies, efficiency in analysing LCI results, as well as the flex¬ 
ibility in performing LCIA and evaluation strategies, are some 
of this tool’s most valuable attributes. The GaBi 3 software 
tool (Fig. 2) supports the systematic preparation and analysis 
of product- and company-related decisions by integrating techni- 


nuciear, waste incineration, solar, wind and hydro power 
plant) as well as the corresponding energy carrier supplies. 
All unit processes marked with a 'P 1 are set up to use param¬ 
eters for modeling user-defined conditions for a given pro¬ 
cess. For example the ’Power grid mix generic’ allows the 
modeler to set different power grid mix compositions (ac¬ 
counting for each fraction of the different types of power 
plants). In addition, each power plant type is modeled in a 
detailed manner that takes into account ail available infor¬ 
mation on the regional power grid mixes as defined by the 
EL\ [11]. This includes, as shown in Fig. 3, fuel supply chain 
characteristics and chemical characteristics of the used fuels 
(e.g., ash-, carbon-, sulfur-content, etc.), energy transforma¬ 
tion and generation technologies applied in the power plant 
(e.g. efficiencies, gas cleaning technologies, etc.) as well as 
the output combustion products for the different regional 
pow r er grid mixes. A general description of the models for 
power generation can be found in the special Japan edition 
of Int J LCA (LCA in Japan, Vol 5, No 5, 2000) [10]. 

Each of the above described regional powder grid mix opera¬ 
tors enable modelers, once such a model is build, to analyze 
the effects to the environment by technology changes in 
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Fig. 2: Plan editor of the GaBi 3 software system showing a model for a regional power grid mix [7,9] 


cal, economic and ecological aspects in the optimization of 
production, product design and product marketing. The in¬ 
terface for modeling the systems within GaBi provides a visual 
map of system boundaries and all flows associated with the 
system (Sankey diagram). 

4 Case Example of Software Functionality 

Fig. 2 show r s an example of a model of the United States' 
power grid mix, specifically for the 'US total power grid’ 
system as the sum of the ten regional grid mixes defined by 
Electric Power Annual [11]. 

As illustrated, the model includes different types of power 
plants (e.g., hard coal, lignite, heavy fuel oil, natural gas, 
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Fig. 3: Structure of a power plant model featuring important fuel and pro¬ 
cess-related parameters 
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Fig. 4: Parameter variation within the GaBi 3 software system [7,9] 


power plant technology (e.g., increase of filter efficiency) or 
changes in composition of power mix composition (e.g., in¬ 
crease of renewable energy sources or a decrease of hard 
coal power plants). 

In addition, the GaBi 3 software system offers parameter 
variation and sensitivity analvsis functions. These allow the 

* 4 

modeler to examine how changes in input parameters or 
different scenarios affect the inventory results. Both tech¬ 
niques are used to demonstrate the effects of varying impor¬ 
tant parameters within the models. With this step, the mod¬ 
eler can investigate different future scenarios that may helpful 
in company planning and strategic decision-making. 

Fig. 4 shows the parameter variation function within the GaBi 3 
software system. Here, a specific unit process has been identi¬ 
fied wilich includes parameters that have a significant influ¬ 
ence on the system. In this case the 'natural gas pow T er plant' 
is selected with the parameter 'eta' (thermal efficiency of the 
electricity generation). In the parameter variation the selected 
parameter is varied from a starting value to an end value (in 
this case from 24% to 48%). Fig. 4 demonstrates the effect 
of this change on the primary energy needed to generate 1 
kWh of electricity in the US pow r er grid mix. Currently, the 
thermal efficiency for coal power plants in the US is 33.3% 
(EIA, Electric Pow'er Annual). 


The parameter variation function therefore offers the op¬ 
portunity' to identify the influence of one specific param¬ 
eter on the total system. In addition, modeled systems of¬ 
ten contain several parameters that are sensitive to changes 
in future scenarios. The GaBi 3 software system offers a sce¬ 
nario analysis function as well. With this functionality, GaBi 3 
enables the modeler to calculate possible scenarios or to in¬ 
vestigate the sensitivity of a modeled system. In Fig. 5 an ex¬ 
ample for a scenario analysis is given. Two scenarios have 
been selected: the first represents the current situation ('to¬ 
day'); the second one focuses on '2010*. A set of param¬ 
eters has been identified to be varied for each scenario. The 
scenarios shown in Fig. 5 examine a change in the thermal 
efficiency of the coal pow r er plant from 33.3% to 43.3% 
and a change in the grid mix composition (today: energy 
from wind from 0.1% to 10% in 2010 and energy from 
hard coal from 52% today to 42.1% in 2010). The graph 
in Fig. 5 illustrates tw r o metrics of interest, in light gray the 
total energy primary demand for the generation of 'lkWh 
and in dark gray the share of renewable energy used. As a 
result, the total demand on primary energy will decrease 
from almost 14 MJ/kWh (today) to approx. 10 MJ/kWh 
(2010). In addition, the graph illustrates that the amount 
of renewable energy will increase in the same time from 
approximately 0,5 MJ/kWh up to 2 MJ/KWb. 
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Fig. 5 : Parameter variation within the GaBi 3 software system [7,9] 


5 Discussion 

The practice of LCA has been greatly transformed since tools 
such as GaBi 3 have been available to practitioners. The 
software system GaBi 3 has improved the efficiency of per¬ 
forming systems analysis using LCA while maintaining trans¬ 
parency in the modeling process, in the documentation of 
data quality, and the options available for LCI and LC1A. 
Therefore GaBi 3 helps reduce time and resources needed to 
model LCA case studies, while at the same time it provides 
the information necessary for decision support. In addition 
the extensive and well-documented database offered through 
GaBi 3 enables LCA practitioners a comprehensive under¬ 
standing of the system parameters and system results during 
the whole life cycle. 

With the functionality of GaBi 3, LCA and LCE case studies 
can be used to get a clear and detailed understanding of the 
environmental aspects and life cycle environmental impacts 
of a system. Furthermore, the tool enables the modeler to 
focus on future scenarios and to determine whether a strate¬ 
gic decision will be sustainable also in the long run. 
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